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a  b  s  t  r  a  c  t
Epilepsy,  which  is  one  of  the  most  common  neurological  disorders,  involves  the  occurrence  of spon-
taneous  and  recurrent  seizures  that  alter the  performance  of  the  brain  and  affect  several  sensory  and
behavioral  functions.  Oxidative  damage  has  been  associated  with  post-seizure  neuronal  injury,  thereby
increasing  an  individual’s  susceptibility  to the  occurrence  of  neurodegenerative  disorders.  The present
study  investigated  the  possible  anticonvulsive  and  neuroprotective  effects  of organic  and  conventional
yerba  mate  (Ilex  paraguariensis),  a plant  rich  in  polyphenols,  on  pentylenetetrazol  (PTZ)-induced  seizures
in  Wistar  rats.  The  behavioral  and  polyphenolic  proﬁles  of  the  yerba  mate  samples  were  also  evaluated.
Infusions  of  yerba  mate  (50  mg/kg)  or  distilled  water  were  given  to rats  for ﬁfteen  days  by oral  gavage.
On  the  15th  day  the  animals  were  subjected  to  open  ﬁeld  test,  and  exploratory  behavior  was  assessed.
Subsequently,  60  mg/kg  PTZ  (i.p.)  was  administered,  and  animals  were  observed  for  the  appearance  of
convulsions  for  30 min.  Latency  for the  ﬁrst  seizure,  tonic–clonic  and  generalized  seizures  time,  fre-
quency  of seizures  and  mortality  induced  by  PTZ  were  recorded.  The  animals  were  then  sacriﬁced,  and
the  cerebellum,  cerebral  cortex  and  hippocampus  were  quickly  removed  and  frozen  to  study  the neu-
roprotective  effects  of  yerba  mate.  The  oxidative  damage  in  lipids  and  proteins,  nitric  oxide  levels,  the
activities  of  the  antioxidant  enzymes  superoxide  dismutase  (Sod)  and  catalase  (Cat)  and  non-enzymatic
cellular  defense  (sulfhydryl  protein)  were  quantiﬁed  in  all  the  tissues.  The  results  showed  that  organic
and  conventional  yerba  mate  infusions  were  able to reduce  the  frequency  of  seizures  when  compared
to  the  PTZ  group.  Besides,  organic  yerba  mate  infusion  decreases  the  tonic–clonic  seizures  time  in  rela-
tion  to  the  PTZ  group.  It was  also  shown  that  organic  and  conventional  yerba  mate  infusions  reduced
the  oxidative  damage  in  lipids  and  proteins  and  nitric  oxide  levels  and  prevented  the  decrease  in Sod
and  Cat  activities  and  sulfhydryl  protein  content  when  compared  to the  PTZ  group  in all  the CNS  tissues
assayed.  Organic  and  conventional  yerba  mate  commercial  samples  did  not  change  the  behavior  (loco-
motion,  exploration  or anxiety)  of the  treated  animals.  In both  organic  and  conventional  infusions,  the
presence  of  the  polyphenols  rutin,  chlorogenic  acid  and  their  acyl  derivatives  were  detected,  which  could
be  associated  with  the  biological  effects  observed.  These  data  indicate  that  yerba  mate  may  provide  new
perspectives  for the  development  of  therapeutic  approaches  with  natural  compounds  in  the  pharmaceu-
tical  area,  both  to reduce  the  convulsions’  frequency  and  to  minimize  the  neuronal  damage  associated
with  recurrent  seizures.∗ Corresponding author at: Instituto de Biotecnologia, Universidade de Caxias do
ul, Rua Francisco Getúlio Vargas 1130, Caxias do Sul 95070-560, RS, Brazil.
el.: +55 54 3218 2105; fax: +55 54 3218 2664.
E-mail address: msalvado@ucs.br (M.  Salvador).
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1. Introduction
Epilepsy is a prevalent and serious neurological disorder. World-
Open access under the Elsevier OA license.wide, this disease directly affects more than 50 million people
(WHO, 2011). Clinically, epilepsy is deﬁned as a chronic and
dynamic neurological condition associated with ongoing neuronal
damage, particularly when uncontrolled (Costello and Delanty,
esearc
2
t
d
t
i
o
d
e
2
u
e
t
B
a
e
v
g
t
p
c
t
t
c
t
2
o
o
m
2
(
b
A
c
B
f
l
i
w
h
a
T
p
d
v
o
t
h
f
2
T
S
s
o
p
2
2
d
c
CC.d.S. Branco et al. / Brain R
004). Anticonvulsant therapies are limited and unable to con-
rol seizures in all patients. Currently, 30–40% of these individuals
o not respond satisfactorily to the customary pharmacological
reatment (Sun et al., 2010). Moreover, the antiepileptic drugs
nvolved have a variety of side effects, including the development
f chronic toxicity, neuropsychological and psychiatric disorders,
etrimental effects on the blood antioxidant defenses and short-
ned life expectancy (Hamed et al., 2004; López-Hernandez et al.,
005). The pathophysiology of epilepsy at a cellular level is still
ncertain. However, some studies suggest that the mechanisms of
pileptogenesis include neuronal plasticity, neurotransmitter sys-
em dysfunction and ion exchange dysfunction (Johnston, 1997;
iervert et al., 1998). Disturbances in the naturally existing bal-
nce between the concentrations of inhibitory (GABAergic) and
xcitatory (glutamatergic) neurotransmitters in the central ner-
ous system (CNS) is the commonly accepted mechanism for the
enesis of epilepsy (Engelborghs et al., 2000). Thus, a deﬁciency in
he -aminobutyric acid (GABA) concentration may  result in many
athological changes in the CNS that can be further implicated in
onvulsive episodes (Silva et al., 2009). In this context, pentylenete-
razol (PTZ), a selective blocker of the chloride channel coupled
o the GABAergic receptor complex, is the most commonly used
hemoconvulsant in animal models to screen drugs for their poten-
ial anticonvulsant properties (Huang et al., 2001; Patsoukis et al.,
004). In addition, PTZ can induce oxidative stress in rodent models
f epilepsy (Ilhan et al., 2005; Obay et al., 2008; Silva et al., 2009).
Oxidative stress is deﬁned as the overproduction of reactive
xygen species (ROS) and occurs through the activation of gluta-
atergic excitatory amino acid receptors in the CNS (Ilhan et al.,
005). This increase in the ROS levels can lead to neuronal death
Sharma et al., 2010), which increases an individual’s suscepti-
ility to the occurrence of neurodegenerative disorders, such as
lzheimer’s and Parkinson’s diseases (Turner and Schapira, 2001).
Yerba mate (Ilex paraguariensis,  Saint Hilaire) is a plant widely
onsumed in South America. It is naturally grown and cultivated in
razil, Argentina and Paraguay. The leaves are used to prepare dif-
erent beverages, including “chimarrão” (infusion of fresh or dried
eaves with hot water), “tererê” (infusion of fresh or dry leaves
n cold water) and mate tea (infusion of roasted leaves with hot
ater) (Miranda et al., 2008). Yerba mate infusions exhibit hypoc-
olesterolemic, hepatoprotective, antirheumatic, vasodilatory and
nti-inﬂammatory properties (for review, see Bracesco et al., 2011).
hese effects have been attributed to the phenolic compounds
resent in this plant, such as phenolic acids (chlorogenic acid and
erivatives) and ﬂavonoids, especially rutin (Heck and Mejia, 2007).
Yerba mate can now be cultivated according to organic or con-
entional methods. In organic farming, the use of agrochemicals
r phytodefensives is not allowed, whereas in conventional cul-
ivation, these chemical supplies can be included. Some studies
ave reported higher amounts of phenolic compounds with organic
arming (Carbonaro et al., 2002; Asami et al., 2003; Dani et al.,
007); however, these data are still controversial (Hakkinen and
orronen, 2000; Lombardi-Boccia et al., 2004; Juroszec et al., 2009;
oltoft et al., 2010).
Therefore, the purpose of this work was to evaluate the pos-
ible anticonvulsant, behavioral and neuroprotective effects of
rganic and conventional yerba mate in Wistar rats. In addition, the
olyphenolic proﬁles of both yerba mate samples were studied.
. Materials and methods
.1. ChemicalsThe reagents pentylenetetrazol (PTZ), thiobarbituric acid, 2,4-
initrophenylhydrazine, 5,5′-dithiobis(2-nitrobenzoic acid), (−)-epinephrine,
hlorogenic acid, and guanidine hydrochloride were purchased from Sigma–Aldrich
o. (St. Louis, MO,  USA). The water used in this study was  distilled from glassh Bulletin 92 (2013) 60– 68 61
(distiller QUIMIS® , Quimis Aparelhos Cientíﬁcos LTDA, Diadema-SP, Ind. Brasileira).
The  chemical standards used for the HPLC assay were purchased from Sigma–Aldrich
Co.  (St. Louis, MO,  USA), and the HPLC-grade solvents were obtained from Mallinck-
rodt Baker Inc. (Phillipsburg, NJ, USA). All the other reagents (Merck and Hexapur)
and solvents (Nuclear) were of analytical grade.
2.2. Yerba mate samples
Two  samples of yerba mate (Ilex paraguariensis, St. Hil.) were used: one was
organically cultivated and properly certiﬁed by the Instituto Biodinâmico in agree-
ment with international norms, and a conventional sample, both acquired from the
local market. Yerba mate infusions were obtained using 20 g of yerba/100 mL  of dis-
tilled water at 90 ◦C for 90 s, simulating the traditional use by the general population.
After cooling to 25 ◦C, the samples were ﬁltered using Millipore equipment (pore
size, 0.45 m;  catalog number SFGS 047LS, Millipore Corp., São Paulo, Brazil). The
obtained liquid extract was freeze-dried (Liobras, model L101 freeze dryer, Brazil)
at  40 ◦C, 10−1 bar and was  stored at −20 ◦C. Lyophilized organic and conventional
yerba mate samples were solubilized in distilled water immediately before use. Both
organic and conventional yerba mate infusions did not present organophosphorus
and carbamate pesticides residues.
2.3. Determination of total phenolic content and identiﬁcation of selected
phenolics by HPLC
The total phenolic content of both infusions was determined by the Folin-
Ciocalteu assay modiﬁed by Singleton et al. (1999). Brieﬂy, a 200 L aliquot of yerba
mate infusion was  assayed with 1000 L of Folin-Ciocalteu reagent and 800 L of
sodium carbonate (7.5%, w/v). After 30 min  of reaction time, the absorption was mea-
sured at 765 nm (model UV-1700 spectrophotometer, Shimadzu, Kyoto, Japan). The
total phenolic content was expressed as chlorogenic acid equivalents (CAE) mg/100 g
of  dry weight of yerba mate.
The HPLC analyses were performed in an Agilent HP 1050 equipped with a
MetaPhor column (150 mm × 4.6 mm 5  ODS-3) with a DAD detector. Rutin was
successfully separated using the following chromatographic conditions: solvent A
was  composed of water/glacial acetic acid (97.5:2.5 v/v), and solvent B was  com-
posed of methanol/glacial acetic acid (97.5:2.5 v/v). The solvents were delivered at
a  total ﬂow rate of 1.2 mL/min. The gradient proﬁle was 20% B isocratic for 4 min,
followed by 20% B to 60% B applied linearly for 31 min, and a return to 20% B by linear
application for 4 min. The injection volume was 20 L, and the chromatograms were
registered at 355 nm. The UV spectra and retention times were used for identiﬁca-
tion purposes and were compared to those of the pure standards. The solutions of
yerba mate were prepared by dissolving the dry extract in solvent A/solvent B (80:20
v/v). The ﬁnal concentrations were 4008 mg/mL  for the conventional yerba mate and
3976 mg/mL  for the organic sample. The rutin standard solution was  prepared with
HPLC grade methanol.
For the identiﬁcation of chlorogenic acids and their acyl derivatives, another
gradient was  used: solvent A was water/glacial acetic acid (99:1 v/v), and solvent
B  was  methanol. The solvents were delivered at a total ﬂow rate of 1.0 mL/min.
The  gradient proﬁle was 10% B applied isocratically for 5 min, followed by 30% B
to  50% B applied linearly for10 min, 50% B to 70% applied linearly for10 min, 70% B
to  90% applied for5 min  and a return to 30% B by linear application for 13 min. The
injection volume was  20 L, and the chromatograms were registered at 325 nm.
The  UV spectra and retention times were used for identiﬁcation purposes and were
compared to those of the pure standards. The solutions of yerba mate were prepared
by  dissolving the dry extract in solvent A/solvent B (90:10 v/v). The chlorogenic acid
standard solution was prepared at 100 mg/g.
All the solutions for the HPLC analyses were ﬁltered by a 0.45 m polyamide
membrane ﬁlter, and all the phytochemical assessments were analyzed in triplicate.
2.4. Animals and treatment
Forty-two male Wistar rats (seven rats in each group) weighing 250–300 g were
used. They were maintained at a temperature of 22–24 ◦C, on a 12-h light/12-h dark
cycle, with free access to food and water. The number of animals was  determined
by  the statistical F-test MANOVA (F = 3.21,  ˛ = 0.05, power = 90%). The experiments
were performed in accordance with the “Guide for the Care and Use of Laboratory
Animals, DHEW, publication no. (NIH) 85-23, 1985” and approved by the local eth-
ical  committee at Centro Universitário Metodista IPA. The animals were randomly
allocated to one of the three experimental groups (n = 14 per group): group 1 served
as  a control and received distilled water; groups 2 and 3 were given, by oral gavage,
organic and conventional yerba mate (50 mg/kg of body weight), respectively, once
a  day for 15 days. On the 15th day, half of the rats in each group (n = 7) received
a  single, intraperitoneal (i.p.) dose of PTZ (60 mg/kg of body weight) dissolved in
sterile isotonic saline. The other half of the rats (negative control) received a saline
solution (i.p.).2.5. Behavioral assays
Before the experiments to evaluate the PTZ-induced seizures, the inﬂuence of
yerba mate infusions on the behavior of the rats was examined in the open ﬁeld
6 esearch Bulletin 92 (2013) 60– 68
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Fig. 1. Chromatographic (HPLC-DAD) proﬁle at 355 nm of both yerba mate infusions.2 C.d.S. Branco et al. / Brain R
est  (Pellow et al., 1985). This assay is one of the methods used experimentally to
ssess the locomotor activity, hyperactivity and exploratory behavior of animals
nd constitutes a reliable parameter for anxiety levels. The open ﬁeld apparatus
as  a 40 cm × 60 cm linoleum ﬂoor surrounded on three sides by a 60 cm-high ply-
ood wall and in the front by a 60 cm-high glass wall. The ﬂoor was subdivided into
2  equal rectangles by black lines. Crossings of the lines (locomotion and explo-
ation), rearing responses (orienting-investigatory responses), grooming and fecal
olus (anxiety manifestation) were analyzed for each rat. After each test, the ﬂoor
as  cleaned with water and ethanol to avoid a potential excitatory effect on loco-
otion produced by the presence of urine residues. Measures of behavioral changes
n  the open ﬁeld apparatus were analyzed for each rat for 5 min  before the PTZ
dministration.
.6. PTZ-induced seizures
Immediately after the injection of PTZ, the animals were individually placed in
lastic boxes, and convulsive behavior was recorded for 30 min  according to Racine’s
cale (RS). RS categorizes ﬁve stages of intensity, based on the behavioral repertoire
f  the animals during a seizure, including “mouth and facial movements” (intensity
tage 1), “head nodding” (stage 2), “forelimb clonus” (stage 3), tonic–clonic seizures
stage 4) and generalized tonic–clonic seizures characterized by rearing and falling
stage 5) (Racine, 1972). Over an observation period of 30 min, the latency time
or the ﬁrst seizure, tonic–clonic seizures total time, total seizures time, stage 5
n  Racine’s scale (most intense level of seizure), frequency of seizures and mor-
ality were registered simultaneously. All the effects were reported by two  trained
bservers blind to the animals’ treatment status.
.7. Neuroprotection assays
After the anticonvulsant evaluation described previously, the animals were
acriﬁced by decapitation without anesthesia, and the brain was rapidly excised
n  a Petri dish placed on ice. The cerebellum, cerebral cortex and hippocampus
ere dissected, washed to remove excess blood, and stored at −80 ◦C. Before each
ssay, the tissues were homogenized in phosphate-buffered saline (pH 7.4) using a
round glass-type Potter–Elvehjem homogenizer and centrifuged for ﬁve minutes.
he  supernatant was  used in the assays, and all the processes were performed under
old conditions.
Neuroprotection assays were performed through the quantiﬁcation of lipid and
rotein oxidative damage, nitric oxide levels and the activities of the antioxidant
nzymes superoxide dismutase and catalase. The protein sulfhydryl content was
ssessed as a measure of non-enzymatic cellular defense. The oxidative damage
n  lipids was  determined by a method based on the reaction with thiobarbituric
cid reactive species (TBARS) during an acid-heating reaction, which is widely used
s  a sensitive method for measuring lipid peroxidation, as previously described
Wills, 1966). The results are expressed as nmol of TBARS/mg of protein. Oxida-
ive damage in proteins was measured by determining the carbonyl grouping based
n  the reaction with dinitrophenylhydrazine (DNPH), according to Levine et al.
1990).  DNPH reacts with protein carbonyls to form hydrazones that can be mea-
ured spectrophotometrically. The results are expressed as nmol of DNPH/mg of
rotein.
Because NO measurements are very difﬁcult to assess in biological specimens,
issue nitrite (NO2−) and nitrate (NO3−) were estimated as an index of NO production
Ilhan et al., 2005). The method for brain nitrite and nitrate levels was based on the
riess reaction, according to Green et al., 1981. The results were expressed as nmol
f  nitrite/mg protein.
Superoxide dismutase (SOD) activity was determined according to the method
f  Bannister and Calabrese (1987), and the results were expressed as USOD/mg
f  protein. One unit of SOD is deﬁned as the amount of enzyme that inhibits
he rate of adrenochrome formation in 50%. Catalase (CAT) activity was deter-
ined by the hydrogen peroxide (H2O2) decomposition rate, according to Aebi
1984).  The values are expressed as mmol  of H2O2/minute/mg of protein. The
etermination of protein sulfhydryl content was  based on the reaction with 5,5′-
ithiobis(2-nitrobenzoic acid) (DTNB), according to the method of Askenov and
arkesbery (2001), and the results are expressed as nmol of DTNB/mg of pro-
ein. The protein content was  measured by the method of Bradford (1976) using
ovine serum albumin (1 mg/ml) as a standard. All the assays were performed in
riplicate.
.8.  Statistical analysis
All the values are presented as the mean and the standard error of the mean
S.E.M.). The data from the behavioral, anticonvulsant and neuroprotective eval-
ations were subjected to an analysis of variance (ANOVA) and Tukey’s post hoc
est. Qui-square test was used to compare the frequency of animals seizing between
roups. For the analysis of the polyphenol content of organic and conventional yerba
ate infusions, a statistical T test was performed for independent samples. The
esults were considered signiﬁcant at p ≤ 0.05. The data were evaluated using the
PSS  18.0 software package (SPSS Inc., Chicago, IL).The upper trace shows the organically cultivated sample (A), the lower trace shows
the  conventionally cultivated sample (B). Legend: (1) chlorogenic acid; (2, 3, 4 and
6)  acyl derivatives of chlorogenic acid; (5) rutin.
3. Results
3.1. Total phenolic content and identiﬁcation of selected
phenolics by HPLC
Two  different samples of Ilex paraguariensis from Brazil were
studied, one claimed to be “ecological”, cultivated without the
use of agrochemical applications, and the other sample was  con-
ventionally cultivated, in which the use of agrochemicals and
fungicides is allowed. Both yerba mate infusions presented sim-
ilar total polyphenolic content (322.0 ± 4.24 CAE mg/100 g of dry
weight for the organic sample and 319.0 ± 7.07 CAE mg/100 g of
dry weight for the conventional sample). The presence of rutin
(Fig. 1), chlorogenic acid and their acyl derivatives (Figs. 1 and 2)
were found in both infusions of yerba mate. Besides the polyphe-
nols, it was  possible to identify, as described by Vázquez and Moyna
(1986), the presence of the alkaloid caffeine in both yerba mate
infusions (Fig. 2).3.2. Behavioral and anticonvulsant effects of yerba mate
The behavioral effects of administration of the organic and
conventional yerba mate are shown in Fig. 3(A–E). No signiﬁcant
C.d.S. Branco et al. / Brain Research Bulletin 92 (2013) 60– 68 63
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dig. 2. Chromatographic (HPLC-DAD) proﬁle at 325 nm of both yerba mate infusion
he  conventionally cultivated sample (B). Legend: (1) caffeine; (2–6) acyl derivative
ifferences were found in the behavioral parameters (latency to
tart locomotion, total crossings, rearings, grooming and fecal
olus) between the animals treated with yerba mate and the con-
rol group (distilled water). These ﬁndings show that yerba mate
nfusions have no excitatory or inhibitory proﬁle in the CNS of
istar rats.
Fig. 4(A–D) shows the effects of administration of organic and
onventional yerba mate to the rats treated with PTZ. Pentylenete-
razol induced the ﬁrst seizure at 90.00 ± 4.17 s, and all the
nimals studied showed generalized convulsions with intense sta-
us epilepticus. The administration of PTZ induced 50% mortality
n rats. Both organic and conventional yerba mate infusions were
ble to reduce the frequency of seizures when compared to the
TZ group (qui-square test; p = 0.020 and p = 0.045, respectively).
o changes in the latency time for the ﬁrst seizure (Fig. 4A)
nd in the total seizure time (Fig. 4C) were observed for both
rganic and conventional yerba mate treatments. However, organic
nd conventional yerba mate infusions were able to decrease the
onic–clonic seizures total time in relation to the PTZ group (Fig. 4B),
ut only the data for organic yerba mate showed a statistically sig-
iﬁcant difference. In addition, both yerba mate infusions showed a
ecrease in the intensity of seizures, although without a signiﬁcant
ifference (level 5 on the Racine Scale; Fig. 4D).
.3. Neuroprotective effects of yerba mate
The effects of treatments with organic and conventional yerba
ate infusions in the cerebellum, cerebral cortex and hippocam-
us of the rats during seizures induced by PTZ are presented in
ables 1–3 respectively. In all the brain structures, PTZ adminis-
ration induced a signiﬁcant increase in lipid peroxidation, protein
xidative damage and nitric oxide levels with respect to the con-
rol group. In addition, the sulfhydryl protein content and the SOD
nd CAT activities signiﬁcantly decreased in the PTZ group, showing
epletion in the antioxidant systems.upper trace shows the organically cultivated sample (A), and the lower trace shows
lorogenic acid.
Neither the organic nor conventional yerba mate alone was able
to induce oxidative damage to lipids and proteins or to increase the
nitric oxide levels. Furthermore, the treatments with both yerba
mate infusions were able to maintain or increase the SOD and CAT
activities and the sulfhydryl protein content in all the CNS tissues
when compared with the control group (Tables 1–3).
The organic and conventional yerba mate treatments were able
to prevent lipid and protein oxidative damage and the increase in
nitric oxide levels induced by PTZ in all the brain structures. In addi-
tion, these infusions did not decrease the SOD and CAT activities or
the sulfhydryl protein content induced by PTZ in the brain tissues
assayed (Tables 1–3).
4. Discussion
In recent years, the beneﬁts of the consumption of yerba mate,
a plant widely consumed in South America, have been extensively
studied (Schinella et al., 2000; Filip and Ferraro, 2003; Deladino
et al., 2007). Nevertheless, this is the ﬁrst study investigating the
anticonvulsant, behavioral and neuroprotective effects of organic
and conventional yerba mate. The polyphenolic content of both
types of yerba mate was  also evaluated.
Although some studies showed that organic farming could
increase the synthesis of phenolic compounds in grapes (Dani
et al., 2007), marionberries (Asami et al., 2003), peaches and pears
(Carbonaro et al., 2002), our data show that organic and conven-
tional yerba mate infusions did not display signiﬁcant differences in
their total polyphenolic content. Similar results have been found for
organic and conventional cultivars of strawberries (Hakkinen and
Torronen, 2000), tomatoes (Juroszec et al., 2009), carrots, onions
and potatoes (Soltoft et al., 2010). In fact, it has already been shown
that more than the use of fertilizers and/or fungicides, other factors,
such as the harvest season and the age of the plants, are even more
important than the cultivation system in regulating the biosynthe-
sis of phenolic compounds (Juroszec et al., 2009). For yerba mate,
64 C.d.S. Branco et al. / Brain Research Bulletin 92 (2013) 60– 68
Fig. 3. Effects of treatment with organic and conventional yerba mate infusions (Ilex paraguariensis) on behaviors in the open ﬁeld test. (A) The latency to start locomotion, (B)
the  number of crossings, (C) the number of rearings, (D) the number of grooming episodes and (E) number of fecal boli are shown. The data are expressed as the mean ± S.E.M.
Fig. 4. Effects of treatment with organic and conventional yerba mate infusions (Ilex paraguariensis) on PTZ-induced seizures in Wistar rats for: (A) the latency for the ﬁrst
seizure; (B) tonic–clonic seizures total time; (C) total seizure time; (D) level 5 on Racine’s scale. The data are expressed as the mean ± S.E.M. * Indicates a signiﬁcant difference
compared with the PTZ group using an analysis of variance (ANOVA) and Tukey’s post hoc test (p ≤ 0.05).
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Table 1
Determination of the thiobarbituric acid reactive substances, carbonyl protein, nitric oxide production, sulfhydryl protein, and superoxide dismutase and catalase activities on the cerebellum of rats treated with organic and
conventional yerba mate (50 mg/kg) for PTZ-induced seizures.
GROUPS TBARS (nmol
TBARS/mg of protein)
Carbonyl protein
(nmol/mg of protein)
Nitric oxide (nM
nitrite/mg of protein)
Sulfhydryl protein (nmol
DTNB/mg of protein)
Superoxide dismutase
(U SOD/mg of protein)
Catalase (mmol
H2O2/min/mg of protein)
Control (saline) 0.33 ± 0.06*a 3.20 ± 0.15a 0.99 ± 0.08a 0.29 ± 0.02a 28.81 ± 0.44a 12.20 ± 0.22a
Pentylenetetrazol (PTZ) 1.87 ± 0.05b 8.44 ± 0.02b 4.72 ± 0.13b 0.09 ± 0.01b 15.50 ± 0.48b 4.86 ± 0.01b
Organic  yerba mate 0.28 ± 0.04a 3.32 ± 0.29a 1.13 ± 0.04a 0.31 ± 0.02a 33.52 ± 0.84d 13.40 ± 0.83a
Organic  yerba mate plus PTZ 0.34 ± 0.01a 3.69 ± 0.39a 2.73 ± 0.48c 0.33 ± 0.01a 32.03 ± 0.43d 7.10 ± 0.35c
Conventional yerba mate 0.32 ± 0.01a 2.87 ± 0.31a 1.16 ± 0.04a 0.28 ± 0.04a 24.79 ± 0.82c 12.00 ± 0.50a
Conventional yerba mate plus PTZ 0.35 ± 0.02a 2.31 ± 0.14c 2.65 ± 0.17c 0.31 ± 0.01a 22.97 ± 0.96c 8.80 ± 0.23c
Different letters (a–c) indicate a signiﬁcant difference according to an analysis of variance and Tukey’s post hoc test (p < 0.05) for each parameter evaluated.
* The data are presented as the mean ± S.E.M. values.
Table 2
Determination of the thiobarbituric acid reactive substances, carbonyl protein, nitric oxide production, sulfhydryl protein, and superoxide dismutase and catalase activities on the cerebral cortex of rats treated with organic and
conventional yerba mate (50 mg/kg) for PTZ-induced seizures.
Groups TBARS (nmol
TBARS/mg of protein)
Carbonyl protein
(nmol/mg of protein)
Nitric oxide (nM
nitrite/mg of protein)
Sulfhydryl protein (nmol
DTNB/mg of protein)
Superoxide dismutase
(U SOD/mg of protein)
Catalase (mmol
H2O2/min/mg of protein)
Control (saline) 1.19 ± 0.22*a 2.59 ± 0.27a 0.41 ± 0.03a 0.31 ± 0.04a 43.53 ± 1.05a 11.40 ± 0.15a
Pentylenetetrazol (PTZ) 3.23 ± 0.19b 6.15 ± 0.02b 2.42 ± 0.27b 0.15 ± 0.01b 22.71 ± 1.99b 4.36 ± 0.04b
Organic  yerba mate 0.91 ± 0.04a 2.30 ± 0.11a 0.45 ± 0.04a 0.32 ± 0.02a 50.35 ± 1.19c 10.50 ± 0.25a
Organic  yerba mate plus PTZ 1.13 ± 0.15a 2.69 ± 0.24a 1.14 ± 0.10c 0.26 ± 0.04a 42.22 ± 1.22a 7.20 ± 0.25c
Conventional yerba mate 1.00 ± 0.07a 2.36 ± 0.12a .50 ± 0.03a 0.27 ± 0.03a 50.83 ± 2.05c 10.90 ± 0.05a
Conventional yerba mate plus PTZ 1.19 ± 0.29a 2.72 ± 0.14a 1.06 ± 0.02ac 0.24 ± 0.02a 32.83 ± 0.95d 8.10 ± 0.30c
Different letters (a–c) indicate a signiﬁcant difference according to an analysis of variance and Tukey’s post hoc test (p < 0.05) for each parameter evaluated.
* The data are presented as the mean ± S.E.M. values.
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the industrial technology used to obtain the commercial product
is of paramount importance with respect to the ﬁnal quality of
the product. The temperature used to inactivate enzymes, the leaf
and the ﬁnal particle size could greatly inﬂuence the content of
secondary metabolites, particularly the polyphenols.
In addition to the polyphenols rutin, chlorogenic acid and their
acyl derivatives, both infusions contained the alkaloid caffeine,
which is a dose-dependent psychomotor stimulant agent (Garrett
and Holtzman, 1994; Bedingﬁeld et al., 1998). In our study, the
yerba mate infusions did not alter the behavioral parameters of the
treated rats (Fig. 3A–E) and did not induce convulsions. Consider-
ing that yerba mate contains around 1% caffeine (Heck and Mejia,
2007) and that a typical infusion obtained under the conditions
when mate is drunk has 0.56% caffeine (Vázquez and Moyna, 1986),
the concentrations of this xanthine administered to the rats in each
treatment is around 2 mg/kg. It has already been shown that caf-
feine concentrations below 10 mg/kg do not alter rat locomotor
activity in a variety of behavior test paradigms (Cohen et al., 1991;
Antoniou et al., 1998; Liu and Jernigan, 2011).
To study the possible anticonvulsant effects of yerba mate
infusions, a PTZ model was  chosen. This drug is able to induce
myoclonic and/or tonic–clonic seizures, the most intense kind of
convulsions (Löscher and Fiedler, 1996; Smith et al., 2007). In this
study, a concentration of 60 mg/kg (i.p.) of PTZ was  used, which
is between 50% of the effective dose (33 mg/kg) and the median
of the effective lethal dose (75 mg/kg) (Löscher and Fiedler, 1996).
Both organic and conventional yerba mate pretreatment was able
to signiﬁcantly reduce the frequency of seizure when compared
to the PTZ group. It was  observed, also, that organic yerba mate
infusion markedly decreases the tonic–clonic seizures total time
compared to the PTZ group (Fig. 4B). Moreover, although this effect
was  not statistically signiﬁcant, organic and conventional yerba
mate infusions showed a decrease in the intensity of seizures
(Fig. 4D). It has already been shown that some polyphenols are able
to bind inhibitory GABA sites, increase GABAergic activity and show
an anticonvulsant effect in animal models of epilepsy (Nassiri-Asl
et al., 2008).
Nassiri-Asl et al. (2010) investigated the effect of rutin on the
development of PTZ-induced kindling in rats and showed that pre-
treatment with 50 and 100 mg/kg rutin attenuated seizure severity
from the beginning of the kindling procedure by lowering the
mean seizure stage. Moreover, it appears that the effects of rutin at
higher doses are more signiﬁcant. Because we used a yerba mate
infusion that yielded lower concentrations of rutin, it is possible
that the necessary dose was not achieved to observe a signiﬁ-
cant reduction in all the seizure parameters evaluated (Fig. 4A,
C and D). In addition, it is important to take into consideration
that other compounds present in yerba mate infusions may  have
inﬂuenced the results obtained in this study. Moreover, the exact
mechanism of the anticonvulsive action of antioxidants is not fully
elucidated. Some antioxidants (Nassiri-Asl et al., 2010; Arzi et al.,
2011; Golechha et al., 2011) showed a dose-response effect in ani-
mal  models of epilepsy. On the other hand, ascorbic acid presented
a biphasic effect in reducing the convulsions induced by PTZ in rats,
with no relation between the dose and the anticonvulsive effects
observed (Schneider Oliveira et al., 2004).
Epilepsy is a chronic disorder characterized by recurrent and
spontaneous seizures that can increase the content of ROS in the
brain (Sudha et al., 2001), which can have deleterious effects on the
CNS. The brain is especially susceptible to oxidative damage due
to the presence of high levels of polyunsaturated fatty acids, the
high rate of oxidative metabolism and lower levels of antioxidant
defenses (Hayashi, 2009). This imbalance between the oxidant and
antioxidant defenses may  increase the risk of brain oxidative dam-
age (Costello and Delanty, 2004). Currently, despite the existence of
a large number of antiepileptic drugs, there is no cure and treatment
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ptions are limited (López-Hernandez et al., 2005). In addition, it
as already been shown that patients receiving antiepileptic drugs
ave an increase in ROS and a reduced activity of serum antioxidant
nzymes (Hamed et al., 2004; Thomas et al., 2006).
In this study, it was observed that pretreatment with both
rganic and conventional yerba mate infusions is able to reduce the
rotein and lipid oxidative damage induced by PTZ in brain struc-
ures (cerebellum, cerebral cortex and hippocampus; Tables 1–3,
espectively). Oxidative damage to proteins is involved in several
vents, such as a loss in speciﬁc protein function, abnormal protein
learance, depletion of the cellular redox-balance and interference
ith the cell cycle, and ultimately, neuronal death (Castegna et al.,
002). PTZ treatment also produces an increase in the concentration
f nitric oxide (Naziroglu et al., 2009) and its metabolites, nitrite
nd nitrate (Santos et al., 2009), with the consequent generation of
ipid oxidative damage (Militão et al., 2010; Tomé et al., 2010). The
urrent study showed that both yerba mate infusions were able to
void the increase in the nitric oxide levels induced by PTZ in all the
NS tissues assayed (Tables 1–3).  An excess of NO may  become neu-
otoxic (Bolanos et al., 1997) and can cause dysfunction of cellular
nergetics or compromise the integrity of the blood–brain barrier,
vents that initiate or promote the progress of various neurological
iseases (Ibragic et al., 2011).
Antioxidant enzymes, such as SOD and CAT can counteract ROS
nd represent the ﬁrst line of defense against oxidative injury.
OD catalyzes the dismutation of the superoxide radical, producing
2O2, which can be eliminated by the action of the CAT enzyme.
oth the organic and conventional yerba mate infusions were able
o avoid the enzymatic and non-enzymatic decreases in antioxidant
efenses induced by PTZ in all the CNS tissues studied (Tables 1–3).
ntioxidant enzymes and non-enzymatic defenses (sulfhydryl pro-
ein content) play important roles in the brain’s cellular defense
gainst oxidative damage and are able to lower the risk of some
eurological disorders (Halliwell and Gutteridge, 2007). Further-
ore, it has been reported that Ilex paraguariensis may  cause a
asodilatory effect (Görgen et al., 2005), increasing the blood ﬂow
nd consequently contributing for the prevention of the damage
nduced by PTZ in brain.
Yerba mate is rich in polyphenols (Figs. 1 and 2), which are
mportant natural antioxidants. Phenolic compounds can prevent
he generation of ROS by chelating trace elements involved in
adical production, scavenging reactive species and regulating or
rotecting antioxidant defenses (Halliwell and Gutteridge, 2007).
olyphenols have been proposed to be useful in reducing oxidative
euronal death (Gottlieb et al., 2006) and preventing neurode-
enerative diseases in animal models (Mandel and Youdim, 2004;
pencer, 2010). However, it is known that polyphenols uptake into
he brain animals are limited. Data from studies indicated that these
ompounds are usually accumulated at levels below 1 nmol/g tissue
n CNS. Based on this knowledge, other possible explanations for
olyphenols effects could be their ability to act on the neurotrans-
itter re-uptake mechanisms and on cellular signaling pathways
for review, see Schaffer and Halliwell, 2011)
The present study demonstrates a neuroprotective role for yerba
ate infusion in preventing the oxidative damage induced by PTZ
n all the brain tissues assayed, which is important because the
erebral cortex and the hippocampus are regions associated with
ognition and feedback stress control, whereas the cerebellum is
oncerned with motor function (Merrill et al., 2001). These brain
egions may  be particularly vulnerable to oxidative stress, and this
amage could be implicated in a variety of neurological pathologies,
ncluding neurodegenerative diseases (Turner and Schapira, 2001).In conclusion, this study showed, for the ﬁrst time, that organic
nd conventional yerba mate treatments were able to reduce
he frequency of PTZ-induced seizures in Wistar rats. Besides,
rganic yerba mate infusion showed a decrease in the tonic–clonich Bulletin 92 (2013) 60– 68 67
convulsions time. Both organic and conventional yerba mate treat-
ments are able to protect the cerebellum, cerebral cortex and
hippocampus from the oxidative damage induced by PTZ. In addi-
tion, our ﬁndings demonstrate that the administration of yerba
mate infusions did not have stimulatory or depressive effects on
the CNS of the animals. These results indicate that yerba mate will
provide further insights for natural neuroprotective compounds
and may  lead to the development of therapeutic approaches in
the pharmaceutical area for patients with epilepsy. Furthermore,
considering the possible differences among yerba mate originating
from different regions, it would be interesting to study products
from different localities. Finally, studies examining isolated com-
pounds of yerba mate could help to elucidate the main bioactive
compounds.
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